The study evaluates the performance of small scale maize producers in Nigeria using stochastic input distance function (SIDF) and variable returns to scale data envelopment analysis (VRS DEA). Further, it examines the determinants of technical efficiency using the double-bounded Tobit regression model. Results show that maize farmers are operating below the frontier. Technical efficiency estimates from SIDF and VRS DEA models are 86.7% and 85.5% respectively. The efficiency estimates obtained from the two models are positively and significantly correlated. Given the high correlation between the two models in our analysis, and for individual variance and bias reduction, the efficiency scores from these models for each farmer are further combined into a single index using the principal component analysis (PCA) approach.
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Introduction
Despite the oil revenue, majority of Nigerians live below the poverty line.
About 64.4% of the population lives below the $1.25 a day poverty line (UNDP, 2009 ). This poverty situation is worse in the rural areas where over 70% of the people reside and earn their living through agriculture. Therefore, the persistence of hunger and poverty in Nigeria must be to a large extent, the failure of the agricultural sector to fully impact positively on the people. Agricultural productivity in Nigeria has been very low.
Maize is one of Nigeria"s important staples which is highly demanded for food, feed and commercial purposes. However, its productivity has been low with an average of 1.5 tonnes/ha. Theoretically, productivity increase can be achieved through land expansion, efficiency improvement and use of improved technologies. However, population growth and the consequent pressure on land resources coupled with frequent crop failures due to weather, pests, and diseases have led to greater land use intensification. Therefore, expansion of land is obviously not a likely option in Nigeria"s case. The most probable options then are technological innovations and resource use efficiency. Most often, low agricultural productivity has been attributed mainly to farmers" inefficiency. In microeconomic theory, the primal production frontier, describes the maximum output that may be obtained from given inputs. A firm that operates at the production frontier has a technical efficiency of 100%. Any deviation from the maximal output is typically considered technical inefficiency.
Two broad approaches are usually followed in efficiency analysis in the literatures; parametric and non-parametric approaches with each having its strengths and weaknesses. The parametric approach requires a specification of the underlying technology and or assumption about the distribution of the inefficiency term. The 2 non-parametric approach neither requires a specific functional form nor an assumption about the inefficiency term. A huge number of studies have used either of these approaches (see for example Ito, 2002; Haji, 2006; Madhoo, 2007; Mitra and Sato, 2007; Okoye et al., 2007; Purohit, 2008; Solis et al., 2009) . Minimizing error in the calculation of efficiency scores is very important and necessary for effective policy making. Most studies have attempted to achieve this goal by comparing various methods of measuring efficiency and subsequently the correlation between these models has been calculated (Coelli and Perelman, 1999; Sharma et al., 1997; Wadud and White, 2000; Wadud, 2003; Alene and Manfred, 2005; Herrero, 2005; Alene et al., 2006; Ajibefun, 2008; Cuesta et al., 2009) . Borrowing the idea from time-series forecasting literature where many authors contend that the average of the predictions from a number of models will often outperform any one particular predictive model, Coelli and Perelman (1999) proposed a combination of efficiency measures from parametric and non-parametric models. Herrero (2005) averaged efficiency scores from alternative approaches. Alene et al. (2006) also combined efficiency scores from two models using geometric mean (GM). The GM approach assumes equal weight for each of the models. Assumption of equal weights ignores the relative importance of each indicator in the final index.
In this study, our objectives are first to evaluate the performance of maize farmers in Nigeria by estimating their efficiency levels. This is achieved using a parametric model, specifically, the stochastic input distance function (SIDF) and a non-parametric model, variable returns to scale data envelopment analysis (VRS DEA). The SIDF is preferred to the conventional stochastic frontier production function (SFPF) because the later has been critiqued for potential endogeniety problem as input factors in a production function might be jointly determined with the 3 output produced. In other words, a production function is estimated when one is clearly assuming that the input quantities are decision variables thus leaving the approach to criticism that simultaneous equation bias may afflict the production frontier, and efficiency estimates may be biased (Coelli et al., 2003; Alene and Hassan, 2005; Sanford, 2010; Shee and Stefanou, 2011) . The stochastic distance function avoids the endogeniety problem (Coelli et al., 2003; Berg, 2010) .
Admittedly, the distance function does not completely avoid endogeniety as pointed out by Kumbhakar (2011) especially when outputs are not exogenously determined as in some cases (e.g. manufacturing firms and agricultural farms except when there are explicit quotas on outputs), however, the problem is less obvious for distance functions than for production functions because input ratios (rather than inputs) are used as regressors in the former (Kumbhakar, 2011) .
Secondly, we combine efficiency scores from the two models into a single efficiency index using the principal component analysis (PCA). The combination is justified based on Palm and Zellner (1992) and similar previous efficiency studies listed above. In a paper discussing methods of combining time-series forecasts, Palm and Zellner (1992 observe that "In many situations a simple average of forecasts will achieve a substantial reduction in variance and bias through averaging out individual bias". The PCA approach is preferred to the GM approach for building the integrated model because the weight of each indicator is considered when computing the final index. Moreover, the PCA approach is considered appropriate for this study as the efficiency scores from the two frontier models are highly correlated. Although, the PCA approach is not a new analytical tool in agriculture, but its application to farm efficiency analysis is unique to this study. Third, we examine the determinants of efficiency using a double-bounded (two-limit) Tobit model since efficiency scores are bounded between zero and one.
Data
A multistage stratified random sampling procedure was employed in selecting the respondents for this study. A total of 240 farmers were interviewed from four local government areas of Benue State, Nigeria. Data on output and input quantities were collected. The description of the variables used in estimating the frontier models is presented in 
Econometric Methodology
In this section, the two distance function frontier models used in estimating farm efficiency levels are described. The integrated model and the Tobit model are also specified.
The parametric stochastic input distance function
The Cobb-Douglas (CD) parametric stochastic input distance function is assumed for this study. The specification is admittedly restrictive in terms of the maintained properties of the underlying production technology. However, a likelihood ratio test was conducted to test the inappropriateness of the CD form. The test 6 revealed that the CD input distance function is indeed an adequate representation of the data for maize farmers in Benue State given the specification of the more flexible Translog (TL) form. For the case of single output, K inputs, N farms, the empirical model is specified as: 
Thus, equation (1) is transformed to:
The unobservable distance term " 
The statistical noise ( given that a preliminary test rejected the alternative of truncated normal distribution at 5% level of significance.
The input-orientated technical efficiency scores are predicted using the conditional expectation predictor:
The technical efficiency measure takes a value between zero and one, with a value of one, indicating full efficiency.
The non-parametric input distance function
The study considers variable returns to scale DEA model. This is selected to maintain consistency with the SIDF which is also a variable returns to scale model.
The VRS DEA input-oriented model is used to obtain the technical efficiency scores.
For N farms which produce maize using K inputs (land, labour, fertilizer and other) and for the ith farm who produces outside the feasible set.
The integrated model
The principal component analysis (PCA) is used for integrating the efficiency scores from the two models described above into a single index. It is a widely used non-parametric statistical tool. The PCA technique has been applied in a number of studies both within and outside agriculture (Zhu, 1998; Azadeh and Jalal, 2001; Essa and Nieuwoudt, 2003; Jollans et al., 2004; Azadeh and Ghaderi 2005; Azadeh et al., 9 2009 ). However, no study in agriculture has extended the PCA to obtain farm efficiency index.
The goal of PCA is to decompose a data table with 
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where ij x are the values of the standardized indexes for the farm households.
The weights and PCA scores are estimated as follows: are transformed such that they are bounded between zero and one. This is done so that these values demonstrate the differences in each indicators importance. To achieve this, each of the values of  is the weighted sum of the efficiency scores generated by the SIDF and VRS DEA models.
The Tobit Model
We examine the determinants of efficiency using a double-bounded (two-limit) Tobit model since efficiency scores are bounded between zero and one. The model is specified as: 
Results and discussions
Estimates of the parametric stochastic input distance function
The maximum likelihood (ML) and the ordinary least square (OLS) estimates of the Cobb-Douglas SIDF are presented in Table 3 . In order to qualify as a wellbehaved model, SIDF needs to be non-decreasing in inputs and decreasing in outputs 13 (Färe et al., 1994) . Result shows that all variables are significant at 1% and have expected signs and therefore satisfies the required conditions for monotonicity. For the parametric stochastic input distance function, the return to scale is computed as the inverse of the negative of the output coefficient (Estache et al., 2004; Coelli et al., 2005) . The estimated coefficient of output is less than one in absolute terms indicating increasing returns to scale (i.e., -1/-0.740=1.351).
The estimate of the variance parameter,  , is 0.83 and is significant at 1%
implying that 83% of the total variation in output is due to inefficiency. This result is confirmed by conducting a likelihood ratio test which tests the hypothesis of OLS model versus input distance frontier model. LR test statistic is 13.23 and this is significant when compared with the mixed chi-square value of 5.412 at one degree of freedom. Therefore, the adequacy of the OLS model in representing the data is rejected.  is computed by the homogeneity condition
Comparison of efficiency scores from the alternative approaches
The descriptive statistics of efficiency scores from the two models are presented in Table 4 . The mean technical efficiency score from the SIDF model is 86.7. This implies that farmers are operating 13.4% below the frontier. Therefore, based on the SIDF result, farmers can still improve their production of maize by 13.4% given the available resources. The mean technical efficiency from the VRS DEA is 85.5. This implies that farmers are operating 14.5% below the frontier.
Therefore, based on the VRS DEA result, farmers can still improve their production of maize by 14.5% given the available resources. The efficiency estimates from the non-parametric model are slightly lower than that of the parametric model. This is because the non-parametric approach attributes all deviations from the frontier to inefficiency. Further, the efficiency estimates from the parametric distance function is less variable than that of the non-parametric approach. To assess the overall consistency of the two models in ranking individual farms in terms of efficiency, the coefficient of Spearman rank-order correlation was calculated. Results are presented in Table 5 . The Spearman"s rank correlation coefficients for technical efficiency from the two models are positive and highly significant suggesting that the different farm households rank similarly when they are ordered according to either their parametric or nonparametric efficiency scores.
Herrero (2005) 
Efficiency scores and distribution from the integrated model
The results of efficiency distributions and some descriptive statistics from the PCA model are presented in 
Determinants of technical efficiency
The Tobit estimates of the determinants of technical efficiency from the integrated model are reported in Table 7 . The significance of the likelihood ratio (LR) test in each model implies the joint significance of all variables included in the model.
The effect of age on efficiency could be ambiguous, depending on whether older farmers are more experienced or more likely to stick to farming traditions and less likely to adopt new technologies. Age has a positive sign and significant impact on technical efficiency. Thus, the variable indexes experience and serve as a proxy for human capital showing that farmers with greater farming experience will have better management skills and thus higher efficiency than younger farmers. The positive and significant impact of age is consistent with the findings of Khai et al. (2008) . The second human capital variable, education has positive and significant impact on technical efficiency implying that the more educated a farmer is the more he is able to produce at or near the frontier. The result is consistent with those of Wadud and
White (2000) and Oyewo and Fabiyi (2008) . practices by interacting with others as well as provides farmers with bargaining power in the input, output and credit markets. As expected, this variable was found to be c positive and significant. The positive and significant impact is consistent with the findings of Ogunyinka and Ajibefun (2004) . Credit has a positive and significant effect on technical efficiency. This is as expected since the availability of credit loses the production constraints thus facilitating timely purchase of inputs and therefore increases productivity via efficiency. The result is consistent with the findings of Muhammad (2009) but contrast with that of Haji (2006) who rather found a negative though not significant impact of credit access to technical efficiency.
Market was included to capture farmers" access to market. It serves as a proxy for the development of road and market infrastructures. It is generally believed that farms located closer to the market are more efficient than the farms located farther from the market. This expectation was satisfied in this study as the market was correctly signed and had significant impact on technical efficiency.
Conclusion and policy implications
The study evaluated the performance of small scale maize producers in Nigeria using three alternative approaches, namely parametric stochastic input distance function (SIDF) and two non-parametric distance functions (VRS DEA and CRS DEA). Results show that maize farmers are operating below the frontier.
Technical efficiency estimates from SIDF, VRS DEA and CRS DEA models are 86.7%, 85.5% and 80.1% respectively. The efficiency estimates obtained from the three models are positively and significantly correlated. Given the high correlation between the two models in our analysis, and for individual variance and bias reduction, the efficiency scores from these models for each farmer are further combined into a single index using the principal component analysis (PCA) approach.
Technical efficiency from the integrated model is 86.2%. This implies that the production of maize could be increased by 13.8% by improving farm efficiency. The result that farmers have achieved high technical efficiency supports Schultz"s (Schultz, 1964 ) ""poor but efficient"" hypothesis, which implies that opportunities for production gains through efficiency improvement are limited and hence new technologies must be introduced to enhance the productivity of such systems.
Complementary policy interventions to enhance the success of any technological package may include access to credit, market, formal education among others. In general, agriculture in Nigeria needs total transformation.
